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CHAPTER I
THE PROBLEM, PURPOSE, AND LIMITATIONS
OF THE PROBLEM
I.
Statement Q.f.

THE PROBLEM

.!11& problem.

It was the purpose

of this study to (1) determine which, if any, fungus
diseases were affecting tree fruits in the Wapato area;
(2) determine what control measures are being used against
the diseases; (3) determine the costs for control of the
diseases, and/or replacement of affected trees.
Importance .Q.f. ,:!ill& study.

The production and sale

of tree fruits is basic to the economy of Wapato.

The

threat of fungus diseases to these fruits should be
the concern of all.
If this study can bring about a greater awareness
by lay persons and fruit farmers of the economic loss
to an area where proper control measures are not used, it
will have been of some benefit.
Limitations of

~

study.

This study has been

limited to the fungus diseases prevalent on tree fruits in
the region served by the Wapato School district.

The cost

factors were limited to control programs and tree replacement.

CHAPTER II
REVIEW OF THE LITERATURE
The aim of any study is to become better acquainted
with a specific problem.

The writer should determine

if the problem is real and if others are aware of it.
A study involving a specific area should include
a background which gave rise to the problem.

A resume

of the development of the Wapato area and its economic
pattern will provide this for the reader.

Historical

references point out the interrelation of plant diseases
and man.
I.

THE WAPATO AREA

Wapato is a part of the lower Yakima Valley,
located in Central Washington.

The Yakima River flows

through the area separating the hills from the flat
bottom land.
Agricultural Development
The Federal Bureau of Reclamation began an irrigation project at Wapato in 1913.

This was to change a dry

desert area into the lush agricultural region of today.
Ninety thousand acres in the Toppenish-Wapato vicinity
were put under irrigation with the ultimate goal of

3

120,000 acres (23:4).

In 1954, Yakima County boasted

270,000 acres under irrigation (23:3).
~

Economic Pattern
The combination of fertile irrigated lands and ideal

temperatures for plant growth have created an economy
completely dependent on various types of agriculture.
Tree fruits are a major product.

Others are mint,

sugar beets, hops, row crops, seed corn, alfalfa seed,
and cattleo

There is no other industry in Wapato that is

not economically dependent upon agriculture.

A county

wide survey of 1954 showed that one-third of all income
in the valley came directly from agriculture (23:1).
II.

THE INTERRELATION OF PLANTS AND M.AN

The interrelation of plants and man is not always
benefical to man.

Fungus disease epidemics, resulting in

famine and emigration, have become a part of the history
of many countries.
Destructive Epidemics
Ireland, in the middle of the nineteenth century,
depended on the potato crop for their basic food supply.
The two years 1845, and 1846, saw almost complete destruction of this crop by a fungus disease, late blight of potato.
From 1845 to 1860, one third of the population of Ireland

4

was lost.

Of these, 1,000,000 died of starvation and

malnutrition, and the other 1,500,000 emigrated (22:5-6).
Some destructive epidemics of fungus disease of the
North American continent, would include chestnut blight,
first reported in New York City in 1904 (7:477), and white
pine blister rust first reported at Geneva, New York,
in 1906 (12:453).
It has been estimated by the United States Department of Agriculture, that the annual loss from plant
diseases in the United States is $3,000,000,000 per
year (22:3).
III.

PI1ANT DISEASE STUDIES

The continous population growth within the United
States dictates, that enemies of food production be
eliminated.

The combined efforts of industry and agricul-

ture are directed toward this end.
Effective control measures to protect our crops
from fungus diseases are being worked out be many agencies.
J • .R. Magness (11:23) writes, "The chemical companies have

largely contributed the new and highly effective insecticides and fune;icides now used for pest control in
orchards."
The United States Department of Agriculture has
experiment stations throughout the United States.

Eight

5
of these stations are located in the state of Washington;
the main station being located at Washington State
University, Pullman (16:38)0
The individual farmer eventually bears the cost of
this search for new materials, and the cost of newly
developed programs.
11

J. R. Magness (11:23) states that

In the eastern states, particulary, the new materials

have not resulted in fewer sprays, and in most cases the
newer materials are more expensive, so the total spray
program is costing more than in the past."
Various bulletins outlining the costs of fruit
production are available from the Agricultural Extension
Service.

The cost figures for labor and spraying do not

itemize costs involved in combating particular diseases
or insects.

Crop losses due to disease and insect injury

have not been mentioned.

This presents a static and

unreal picture of fruit production.

CHAPTER III
METHOD OF INVESTIGATION
The purpose of this study is to investigate the
fungus diseases known to be present in the orchards of
Wapato.
To determine which fungus diseases of tree fruits
were of the most economic importance it was necessary to
interview extension agents, chemical company field men,
and growerso

Library research was done to study disease

cycles and symptoms.

Photographs were taken to record

visible evidences of the diseaseso
Extension Agents
The interview of county extension agents was used
to help locate diseased orchards and to confirm photographic evidence.

Pathologists of the Prosser Experiment

Station provided additional confirmation of photographic
evidence.
Chemical Companies
The cost of spray materials and commercial application rates were obtained from chemical companies and their
field men.
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Growers
Twenty five growers of the Wapato area were
interviewed.

All had ten or more years experience as

a fruit grower.

The labor requirements, tree loss, and

tree replacement figures were provided by the growers
records.
Photographs
A thirty five mm Zeis Ikon Contaflex camera was
used to obtain photographic evidence of the diseases.
An additional lens, f=oo5 rn, was used when more detail
was desired.
The photographs were printed in 3~ 11 x 5 11 size,
from Kodacolor II film.
Presented in this study are five diseases determined by this writer to be of major economic importance.
One chapter will be devoted to each disease.
Some minor diseases will be given mention in
relatior.. to certain tree fruits or having the same
pathogen as the disease being presentedo

CHAPTER IV
FIRE BLIGHT
The pathogen causing fire blight is not considered
a true fungi, but belongs to the division Schizomycota.
The importance of the disease led this writer to take the
liberty of including it in this study.
Cause and Effects
Fire blight is caused by the short rod-shaped
bacterium Erwinia amylovora (20:108).

The infection

usually starts at the blossoms, working down the pedicel
of the bloom, into the spur and down the twigs and limbs
in the cambium region just under the bark.

As the

disease progresses down the tree, the limbs turn
dark brown or black, and the leaves take on a scorched
appearance.

Droplets of bacterial ooze, milky or amber

colored, may develop on the affected parts, especially
in warm humid weather.

Most infections occur when the

blooms are full and the temperatures range from 65°F.
to 80 o F o

(

15 : 3 ) •

Figure 1, shows an infected limb removed from a
Bartlett pear tree.

The limb shows the typical darkening

of the bark and the scorched appearance of the leaves.
Unless these limbs are pruned in the fall, the leaves
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will remain on the tree until pruning time in the spring .
Usually these limbs are removed before September to
eliminate the continued growth of cankers (15 : 3) .

FIGURE 1
SCORCHED APPEARANCE OF LIMB AND LEAVES
THAT ARE INFECTED WITH FIRE BLIGHT
Cankers may form on infected limbs or trunk of
the tree .

Overwintering of these cankers provide

inoculum for spring infection .

Infection does not

occur until after the cank ers start to ooze in the spring .
Rains was h t h e bacteria down t h e tree, or splas h them
onto adjacent trees .

Some bacteria are also carried

in the wind blown droplets of ,,rater for considerable

10

d i stance s in the d irect i on of the prevailing winds (15 : 3) .
Figu re 2 , shows i nf ec t e d blossoms on a Bartlett
pear tree .

Th ese i n f e cte d blo s soms will s oo n drop off,

FIGURE 2
FIRE BLIGHT OF BARTLETT PEAR BLOSSOMS
and the disease will continue on dolfm the spur into the
limb .

The appearance of the disease in this early stage

of infection makes it difficult to immediately identify
the disease .
The bacterial disease caused by Pseudomonas
will show similar effects on pear blossoms .
is called false fire blight .

syrin~ae

This disease

The disease does not spread

11

into the limbs, but stops at

killin~

the spurs .

In this

way the disease can be easily identified, and not be
confused with Erwinia amylovora (15:8) .
Figure 3, shows fire blight in the fingerling fruit,
and

~roceeding

past the spur into the limb .

FIGURE 3
FIRE

BLI~HT

EFFECTS ON FRUIT

Trees that wer e infected the previous season and
are now showing second year characteristics are easily
spotted in tne orchard .

They are usually identified by

the lifht color and the sparseness of the leaves .

Many of

the branches have been damaged in the cambium layer and the
tree has an unhealthy appearance .

Pany rro rers will leave

12

these trees in the orchard in hopes that the trees will
repair damaged tissue and profitable recovery will he

~~de .

Figure 4 , shows the typical appearance of a tree that was
infected the previous season .

FIGURE 4
SECOFD
Controllin~ ~

YEA~

FI~E

BIIGHT

Disease

Control of fire tliaht is qu te costly and renuires
constant viry lance .

Pears, particularly Bartletts, have

a tendency to produce a secondary bloom in May, June, or
even later (15: 3) .

,.Ugh huinid i ty during these periods may

cause blight to develop in these bl ossoms .
have to be picked off as many as

t~ree

ti~es

These b lossoms
during the

13
qrowin~

season .

Fipure 5, shows second bloom in

~id - June .

Second blooms had been removed from this tree early in

May .

BARTLETT PEAR TREE

~VI TH

SECO_ D BLOOM

Elighted limbs should be removed as they are found .
To prevent excess

re~rowt~

the limb removal is not done

until mid - July or early August (18 : 13) .
this time can cause added infection .

To prune before

The pruned

li~bs

may

contain bacteria which can be spread from one tree to
another on the pruner ' s tools .
One of the growers interviewed had pruned in late
June .

~is

pear orchard the previous year had a high per

14

cent of infection .

He expressed concern that the prunina

might result in more new

~rowth

of second bloom , but had

not realized that pruning at this time could easily spread
the disease .
Figure 6 , shows two lesions on the main trunk of
thiP five year old Bartlett pear tree .

These lesions

FIGURE 6
FIRE BLIGHT CA:NKERS THAT OVERrHNTERED

ON TgE
are the

overvinterin~

T~EE

TRUNK

cankers, that have provided a

source of inoculum for spring infe ctions .

m18n warm

weather cones in the sprin?, these cankers s 1 ell and
break throuryh

t~e

bark .

The yellowish or milky material

15

oozing from these cankers can be spread do m the tree
quite easily by rains or sprinkler irriEation .

An exam-

ination of the canker should be made to determine the
extent of damae;ed tissue underneath .
will dry out and die late in the

Many such cankers

growin~

season .

Others

may have to be scraped and painted with a disinfectanto
The spray schedule to control infection of blooms is
sometimes held off until these cankers become active (15 : 6) .
Figure 7, shows where a lesion has been cut into on
the lower main trunk of a four year old Bartlett pear treeo

FIGURE 7
EXPOSED FIRE BLIGHT CANKER
SHOWING RED STAIN
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It is apparent by the reddish stain in the cambium layer
that the infection is about to qirdle the trunk .
following

sprin~

this tree

~ill

The

not leaf out properly and

will be similar in appearance to figure 4, page 12 .
Many times during hoeing operations around trees
is injured .

t~e

bark

Heavy rains or sprinkler irriPation may wash

bacteria dO\"v'TI the tree to these injuries .
The tree shown in figure 8 , was sawed off about
fifteen inches above the zround in the fall of 1962 .

FIGURE 8
BLIGHT FREE NEW GRO~.YT'-r
FROM STUMP
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Since that time ne-w limos have grown, which appear to be
free of the diseas.

The main trunk or limbs should be

pruned back at least twelve or fifteen inches below the
infected areas (18:13).

This gives a wide safety margin

and also reduces the chance of bacteria getting on the
tools being used for pruning.
Economic Importance
In this study four ten acre plots were used to
show the costly effects of fire blight on pears, and the
expense involved in its control.
The removal of second bloom required the labor of
two men for six days on each ten acre ploto

This

represents ninety-six hours of labor at $1.25 per hour.
Three bloom removal operations were necessary.

The

removal of blighted limbs required eighty hours to
complete the four ten acre plots.

The cost of second

bloom removal was $36.00 per acre, and limb removal
$2.50 per acre.
Copper sprays or dusts are put on the orchard
to prevent new infection.

Three applications during

the growing season and a after-harvest application are
desirable (18:14).

Spraying operatior.s at commercial

rates costs the grower $5.00 per 400 gallon tank.

Most

spray schedules call for a 600 gallon per acre application

18
which would cost $7. 50 per acre o

If a .srower has his own

equipment the cost is $3.00 per tank, or $4.50 per acre,
plus the cost of a driver.

The type of trees and landscape

will affect the time required for spraying.

The four ten

acre plots studied were sprayed at three tanks per houro
Twenty hours of spraying were needed to cover the forty
acres.

Driver labor costs were estimated by the grower

to be sixty-five cents per acre.
Spray materials such as tri basic copper sulfate
are applied at three pounds per acre.

The cost is fifty-

seven cents per pound and $lo71 per acreo

Total spray

application costs would be $6.85 per acre for each
applicationo

In heavy rainy seasons as many as seven

sprays have been applied.
The replacement of trees is dependent on the extent
of infection.
in 1963.

This ten acre plot, figure 9, was hard hit

One hundred eighty of 1,040 trees five years

old had to be replaced.

This required one hour labor per

tree, plus one hour per acre for tractor use.

The cost of

Bartlett pear trees for planting is ninety cents each.
replacement costs on this ten acre plot was $387000.

The
The

other three ten acre plots considered here had very little
tree replacement, less than two trees per acre.
Many of the growers interviewed by this writer did
not practice all of these controls.

Some felt the costs

involved were too high or that it was unnecessary .

These

growers , howeve r, had never experienced heavy infection for
two consecutive years .

FIGURE 9

TEN ACRE PLOT OF FIVE YEAR OLD
BARTLETT PEAR TREES SHOWING
TREE REPLACEMENT
Histo rical
Fire bliEht is native to North America and thought
to be present on wild crab apples, before colonization of
the continent began .

It was first reported in New York

in 1780 , and was called frozen sap, sun scald, or electric
charqes .

Fire blie:ht is lcnown to affect about eighty

20

species of the rose family.

In 1878 a bacterium was first

implicated as the causitive agent.

In 1891 it was discov-

ered that the bacterium could be insect transmitted
(6:137).

c.

Emlen Scott reports that Fire blight wiped out

pear orchards in the San Joaquin valley and southern
California at the turn of the century (14:678)0
The disease has been prevalent in Washington for
about fifty years.

It is particularly common in Yakima,

Chelan, Ben.ton, and Walla Walla Counties at lower and
moderate elevations (15:1).

CHA.PTER V
CROWN ROT
This disease cannot be eradicated, so control is
the growers only weapono

When the proper conditions are

present in an orchard, the soil inhabiting fungus, becomes
active and attacks the trees.

The disease may not show

itself for several years, depending on the weather (3:139).
Cause

~

Effects

Crown rot is a root disease caused by the fungus
Phytophthora cactorum.
humidity.

The fUngus is favored by high

It is most prevalent in orchards where irriga-

tion water is allowed to stand or where heavy foliage
around the trees holds the moisture to the trunks of the
trees.

The disease may be carried in irrigation water, or

in the water draining through an infected orchard.

There-

fore, an orchard dov-.mhill from an infected area can be
easily infected.
irri~ated

The fungus is prevalent in all of the

lands in the Yakima Valley (15:18).

The disease

can be quite troublesome with favorable conditions.

The

initial invasion is usually at the crown of the roots.

As

the fungus progresses it rots the bark and then the cambium
layer below ground level, producing a visible black stain.
If the bark of the trees are continously damp, the disease
may girdle the tree in a few weeks.

The first above ground

22

symptoms do not sho1-r until the disease is well establi'3:hed,
then the leaves of the tree turn pale green, then yellow,
or red, and then die.

This makes it difficult to control,

because the disease can be too far along before above
ground symptoms are noticed (3:140).

In the later part

of the season the foliage turns purple which is a positive
identification of the disease (13:131).
Controlling

~

Disease

The elimination of proper growing conditions for this
fungus is necessary to control the disease.

Proper drainage

of irrigation water will allow the ground to dry out sufficiently to be of some control.

Removal of weeds and other

foliage around the trunk of the tree allows the tree trunks
to dry out.

Traces of copper added to the irrigation water

or copper sprays applied to the trunks of the trees provide
control (15:19).

When a tree is found to be infected, the

dirt should be removed from around the trunk down to a
point just below the infection.
tissue is allowed to dry out.

In this way the diseased
Later the trench around the

tree may be filled with a porous material, such as pumice,
which will allow constant drainage and drying.
Economic Importance
The cost of keeping the orchard clean depends on the
type of equipment used and the amount of foliace to oe
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removed .

Fi~ure

10, shows a rota - hoe , attached to a tractor ,

1vhich is used to hoe around t 11e tree trunks .

The cost of

this operation is about ~2 . 00 an hour , not including the
value of the tract or .

Two hours are required to hoe one

acre of trees .

•

FIGU::?.E 10
ROTO - HOE FOR WEEDING AROUND
THE TREE TRUNKS
Many times the rota - hoe does nothing but wrap tall
foliarye around the tree trunk instead of
The situation is then made worse .

cuttin~

it off .

The rota - hoe can cause

bark injury to the tree trunk vThere bacterial infections
or insect attack can take place .
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FiPUre 11, shows an infected trunk that is recovering from crown rot without any treatment other than
exposing the crown below the point of infection and
allowing it to dry .

More trees could be saved in this

manner if the disease were easier to detect .

When weather

conditions such as heavy rains persist during the growing
season the whole orchard should be checked frequently for
sig~s

of wilting .

FIGURE 11
EXPOSED TRUNK SHOWING
CROWN ROT EFFECTS
Figure 12, shows the extensive pruning done to allow
the tree to make a faster replacement of the diseased
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tissue .

Pruning to this degree results in a certain amount

of crop loss, which would be difficult to evalua.teo

The

greatest dan g er from crown rot is the destruction of trees o
A full bearing apple orchard is valued at $ 2 ,000 per
acr e ( 2 4 : 5) .

FI GURE 12
EXTENSIVE PRUNING AFTER
CROWN ROT ATTACK
P h ytophthora frui t rot is another disease caused by
the fun gu s P h ytopht h ora cactorum .

This disease produces a

brown and blac k mold on near ripened fruito

In some

seasons it is necessary for pre - harvest spraying to control
t h is d isease .

Zineb is applied at the rate of ei ght pounds
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per acre, at thirty day intervals after time of infection.
Very little spraying has been necessary in recent seasons,
however, farmers have been warned that the disease has made
its appearance on pears this season (19:1).
Historical
Crown rot has long been a resident of the Yakima
Valley, but the cause of the r1isease was not established
till 1939 (13:132).

The 1962-63 seasons were extremely

wet durin'.3 t 11e winter and spring months, which set the
stage for an unusual amount of infection in the Wapato
area (1:10).

British Columbia has had a great deal of

trouble with crown rot in the last ten years (13:131).

CHAPTER VI
CORYNEtJM BLIGHT
During the past few years this disease has spread
over most of the Yakima Valley and the farmers are
becoming increasingly aware of its economic importance.
Cause §.llii Effects
The fungus disease known as Coryneum blight is caused
by the fung;us Coryneum Beijerinkii.
the hosts of this disease.

The stone fruits are

Shot hole, and peach blight are

some early common names given to Coryneum blight.
Conidia of the fungus attack leaves, fruit, bud,
and twigs of the tree.

The conidium secrete a sheath to

anchor itself to the leaves.

Upon germination, tubes grow

out from one or more of its cells.

Peg like hypha grow

down from the germ tubes and penetrate through the cuticle
layer.

Mycelium growing from the hypha

pro~ress

between

the walls of the host and thus established the disease in
the leaf o

Masses of hyphal cells form which emerge up

through the cuticle and
Sprin~ler

~ive

irri~ation

rise to conidiophores.
plays a

lar~e

roll in spreading

the disease in a tree, by washing the conidia do1rm the tree
to the lower branches, where the heaviest infection is usually seen.

Optimum growth is observed at temperatures of

72°Fo accompanied by high humidity (21:707).

Under favorable
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conditions the disease can Quickly cause heavy fruit loss .
It can kill young fruit trees , especially peach trees (18 : 25) .
In figure 13, is a six year old peach tree at mid - season
showing probable l ong term effects of Oo ryneum blight .
The sparse foliage appears small and light green .

FIGURE 13
CORYNEUM BLIGHT EFFECTS
ON PEACH TREE
On the leaves of the tree the disease appears as
brown spots with reddish borders .

The infected spots on

the leaves will later fall out giving a shot hole appearance .

This shot hole e ffect should not be confused with

injury due t o arsenic sprays .

Some bacterial diseases and
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also insects will cause shot hole effects in leaves (8:4) .
The spots on fruit resemble injury due to San Jose scale .
These spots are much smaller than those found on the leaves .
The spots are purplish red
centers .

a~d

often have light colored

Usually these spots are found only on one side

of the fruit (9:11 ) .

Firure 14, shows infected fruit and

girdled limb from the lower portion of the tree .

The spots

caused by the fungus are q_uite apparent on the frui.t .

The

fruit is misshapen and lacks healthy appearance .

FI'}URE 14
CORYNEUM BLIGBT ON LIMB
AND FRUIT
Cankers form where the disease invades buds or twigs .
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Gumming from these cankers usually appears around the point
of infection .
the twigs .
killed .

Girdling of whole twigs by the cankers kills

The buds at the point of infection are also

Figure 15, shows canker girdling at the bud and

the gumming surrounding the canker .

Further along the twig

is a leaf showing the typical spotting caused by the fungus .
The gumming and death of buds on the fruiting wood causes
the bark to split on the branches of the current years
growth .

Bark injuries subject the tree to attack by

insects and some bacterial diseaseso

FIGURE 15

CORYNEUM CANKER AT THE BUD
The spotting of fruit appears different on cherries .
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Just one or two spots are usually found that are brown and
without borders .

These spots tend to harden and form a

callus lik e g rowth into the center of the fruit .

The shot

hole effects of leaves is the same (9 : 13) .
Gumming on t h e fruit is sometimes evident .

Fi gu re

1 6 , shows gum oozing from the Ooryneum lesions on the f ruit .

FIGURE 16
OORYNEUM BLIGHTED FRUIT SHOWING
'.3-UMM ING
Controlling

.:!JJ& Disease

Th e control of Ooryneum blight is neither difficult
nor expensive .

Nevertheless, many farmers keep putting off

t h e use of these controls as long as the tree and fruit
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damage is slight.

In this way the disease is allowed to

become well established and more difficult to eradicate.
Where well established the disease requires a concentrated
three year program to bring the disease under control.
Usually three sprays during the season gives good
protection.

A spray at the pre-pink stage, at shuck fall,

and again in October, before the fall rains gives protection to the young fruit and the tree (18:25).
In sprinkler irrigated orchards the sprinkler heads
should be lowered, to prevent the spores being washed down
the tree to the lower branches.
Economic Importance
The spray program, outlined above, can be accomplished with the spray material Captan.
cent concentration material.
six to ten pounds per acre.

This is a fifty per

The pre-pink application is at
Oaptan fifty per cent wettable

powder costs $ .90 per pound, and costs $5o40 to $9.00
per acre.

The shuck fall spray, at ten pounds per

acre, costs $9.00 per acreo

The October spraying- is applied

at twelve to sixteen pounds per acre, or $10.80 to
per acre.

~14.40

The cost of application is in addition to these

spray materials.

In cases where the infection is severe

and the treee year program is followed, very little of the
fruit is marketable.

This points up the desirability of a

yearly spray program to insure against heavy crop loss.
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S:istorical
The fungus disease Coryneum blight has been recognized
for more than one hundred years.

First reports of the

disease came from France in 1843, where it was attacking
peach trees.

By 1900 the disease was found in California,

and later became kno1m as California blight (10:33).
From 1900 to this time, the disease has spread to most
parts of the world where stone fruits are grown (2:98).

CHAPTER VII
VERT IC ILL IUM ilILT
Verticillium wilt is becoming more common on stone
fruits of the Wapato area.

The 1962 and 1963 seasons saw a

rapid rise in the infection of cherry trees.

Great concern

has been expressed by both farmers and County Extension
Agents over the increase in occurance of the disease and the
lack of control programs.
Cause

~

Effects

Verticillium wilt is a soil inhabiting fungus, which
attacks through the roots of host plants.

The disease is

believed caused by the fungus Verticillium albo-atrum and
V. dahliae.

Some writers consider both organisms to be the

same (4:l)o
Once the roots have been invaded the fungus advances
upward into the main branch or branches of the tree.

On

many smaller trees the entire tree seems to be invaded.
The effects of the disease are believed to be caused
by plugging of the water conducting tjssue or toxic
materials from the fungus or both (4:1).

The first

appearance of the effects show as a sudden wilt, on part
or all of the branches of the tree.

Figure 17, shows a

previously healthy eight year old Bins; tree in sudden
wilt.

Some of the leaves on indiviual

upri~hts

are
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beginning to yellow and curl .

The yellowed leaves may

either fall or remain until regular leaf fall.

The spurs

on these infected upri?hts will be killed .

FIGURE 17
WILTING DUE TO VERTICILLIUM WILT
Some investigators have advanced the idea that overwatering durin g hot weather may help bring on the disease
(4:7) .

Others have stated that forcing the growth by

excessive applications of nitrogen fertilizers puts too
much stress on the tree and helps bring on the diseaseo
Some of the growers interviewed by this writer, who
suffered losses last year in their cherry orchards have
taken note of these new ideaso

They have eliminated
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excessive use of water and fertilizer; but so far they have
not been convinced that it has been of value, though new
infections are less than last year .
Figure 18, shows a two year old Bing tree with
complete wilting and yellowing .

Trees showing this

amount of infection will be removed .

FIGURE 18
SEVERE INFECTION CAUSING
DEATH OF THE TREE
The grower of the ten acre plot where this tree
was observed removed twenty- six trees in the 1963 growing
season o

The grower was at a loss to explain how

Verticillium wilt could be in the soil, since this land
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had never been under cultivation .

The answer to this could

be the presence of certain weeds that are also hosts to
Verticillium wilt .

Weeds such as sheppard ' s purse and

pigweed are two hosts that are quite common in open fields .
Truck garden crops such as tomatoes, melons, cucumbers , and
potatoes are other hosts for the disease .

Some of the

cherry orchards investigated for this study are planted on
former truck garden lands .
Figure 19, is of an eight year old Bing tree showing
several dead uprights and the remainder of the tree
appearing normal .

FIGURE 19
SECOND YEAR CHARACTERISTICS
OF VERTICILLIUM WILT
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The experiment station at Prosser has recommended that
manure from livestock that have been fed potatoes not be
used in stone fruit orchards .

Other conditions favoring

wilt are soils that are neutral or slightly alkaline .

Most

of the orchard soil in Central and Eastern Washington are of
this type .

Temperatures ranging from 75° F . to 86° F . are

favorable for rapid growth of the fungus (4:6) .
Figure 20 , shows a four year old Bing tree, that
has been tagged for removal .

This tree was infected

FIGURE 20
SOME SECOND YEAR RECOVERY
FROt1 VERTICILLIUM WILT
during the 1963 season and shows partial recovery .

Most
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of the spurs on the Uprights are dead except at the very
top of the tree.

Figure 19, page 37, and figure 20, page 38,

show typical second year characteristics of the disease.
Controllina

~

Disease

There is no satisfactory control of Verticillium
wilt in affected trees.

Severely infected trees will not

recover enough to be economically usuable.

Some work has

been done with soil fumigants, but so far it has proved too
costly to be in widespread use (4:7).
Economic Importance
In this study two ten acre plots of eight year old
Bing trees and two ten acre plots of four year old Bing
trees were investigatedo
ten acre plot.

Figure 21, shows a section of one

There are many lopsided trees resulting

from pruning away of infected uprights.

Field men had

confirmed one hundred per cent infection, in various stages
in the two older plots.

The two younger plots, according

to the grower, show twenty per cent infection and 1963
tree loss of about ten per cent.
his loss at $2,000.
valuation.

This grower estimated

His estimate was based on assessed

The evaluation of loss does not include

loss from this type of pruning.

The tree loss in the

two older plots investigated was less than five per cento
There is, however, a possibility of losing the complete
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orchard .

At an assessed valuation of about $3,000 per

acre, the total loss might be calculated at $60,000 .

FIGURE 21
REMOVAL OF DEAD UPRIGHTS
LEAVING LOPSIDED TREES
Historical
The first definite record of Verticillium wilt was
on cherry in 1918, by Van der Lek in Holland o

In 1949,

Goheen reported the first occurrence of Verticillium wilt
of apricot in Washington .

Blodgett and Twomey called

attention to the disease on cherry, apricot, peach, and
prune in Washington in 1955 (4:8) .

CHAPTER VIII

POWDERY MILDEW
The apple growers of Washington have had to control powdery mildew for many years.

Most home gardeners

have seen similar mildew in their flower gardens.
Cause

~

Effects

Apple powdery mildew is caused by the fungus
Podosphaera Leuchotricha.

This fungus is an obligate

parasite and is absolutely dependent on its host.

There

are no varieties of apples that are completely immune
from powdery mildew.
The fungus is usually first noticed on the
surface of leaves, stems, and young fruits.

These surfaces

will be spread with a ·white felt like mycelium that absorb
their food from the underlying cells.

The fungus produces

two kinds of spores, conidia or summer spores, and
ascospores or overwintering spores.
c·Then the fungus has been established on the surface
of any part, the hypha give rise to numerous
branches which form chains of conidia.

upri~ht

The conidia

soon break off at the ends of the chain and soon cover
the affected parts producing a powdery appearance.

Each

of these upright branches or conidiaphores has unlimited
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power of spore production , so the infection on one leaf
wil l produce tremendous number of conidia .

Conidia

can be carried by the wind or other agents, and so are
responsible for rapid local spread of the mildew during
early gro wing seasons (10 : 577- 578) .
The mildew attacks terminals and younr shoots .
Figure 22 , is a closeup
grow~h

photo~raph

showing the heavy mycelial

on the terminal twigs and leaves .

The leaves show

FIGURE 22
HEAVY MYCELIAL GROWTH ON TERMINAL
TWIGS AND LEAVES .

heavy conidia production .

Continous spore production will

spread the mildew far down the branch and onto adjacent
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branches .

As the season progresses the mycelium changes

color to light brown or tan .

The continous removal of

nutrients from leaves causes them to wither and curl .

This

has an undesirable effect on the thriftiness of the tree
(10 : 575) .

Figure 23 , shows terminal infections on four

year old Golden Delicious .

Terminal infections cause an

FIGURE 23
TERMINAL INFECTIONS SHOWING CURLED
AND WITHERED LEAVES
overgrowth of side shoots which gives a stag horn
appearance to the limbs (5:110) .
When the fruit is attacked an irregular russeting
is produced on the surface of the fruit which greatly
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decreases its market value .

This russeting can be produced

by other causes, such as spring freezes , or sulphur scalding
from spray applications .

Figure 24, shows russeting on an

immature Golden Delicious apple .

FIGURE 24
RUSSETING ON AN IMMATURE
GOLDEN DELICIOUS
Ascospores, while being the overwintering spores
are not the priwary source for spring infections .

Mycelium

of the fungus will overwinter between the bud scales and
in the lateral and terminal buds .

When the buds open in the

spring , the mycelium commences to grow and re - establish
itself on new leaves and twigs o

This explains the appearance
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of mildew when leaves are first out in the spring (10:579).
Controlling

~

Disease

The control program for powdery mildew consists of
four sprays put on during the growing season.

The spray

is applied at pre-pink stage, again at pink stage, petal
fall, and twelve to fourteen days after petal fall.

Some

growers will apply an additional spray later if the
infection is heavy.
Karathane has proven to be a suitable spray until
daytime temperatures are 90°F. and above (9:30).

Karathane

will cause scalding at high temperatures which can be
controlled to some extent by reducins the concentration of
active material.
Economic Importance
Powdery mildew can cause high cullage rates because
of the russeting on the fruit.

It also reduces the number

of food producing leaves which affects fruit size and
finish.

The economic loss is evident but difficult to

compute on a dollar and cents basis.
Karathane is applied at six pounds per acre.

Four

applications require twenty-four pounds of material at
$1.50 per pound or $36.oo per acre.

Applications costs are

in addition to this.
In orchards ·where hand thinning is employed, many
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growers have thinners pick off the mildewed terminals
as they go along.

These are e;athered up and burned.

Most of the growers interviewed that employed this method,
estimated the cost of this control measure at $ .25 per
tree or $25.00 per acre with moderate infection.
infection could double the cost.

Severe

Some growers employ

chemical thinning and leave these infected terminals on
all season.
Historical
Powdery mildew of apples was first recorded in the
United States in 1871 (10:574).

Rodrick Sprague (16:1)

states, "The first useful write up of powdery mildew was
a newspaper bulletin issued by the State Colle?:e of Wasbine;ton on June 26, 1915. 11
D. F. Fisher, in 1920, wrote a comprehensive study
of apple powdery mildew while at the Wenatchee Station.

For

many years it was considered the standard source of information (16:1).
A severe powdery mildew epidemic in 1928 was followed by another in 1948.

Loss because of the russetin<S of

fruit in 1948 caused the apple industry of Washington to
demand a ne1·r study to provio e better control of milde11

(16:2).

The re-study is contained in Bulletin 560, published

by the Washincton State Experiment Stations, April 1955.
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The hard winters of 1949 and 1955 reduced or
wiped out milde'-7" in many valleys of Central and Eastern
Washington.

The disease returned to these areas within a

few years and the problem is again acute (17:24).

SUMMARY, RECOMMENDATIONS,
AND CONCLUSIONS
Summary.

The diseases presented in this study can

cause untold damage to orchards and fruit.

Costs involved

in the control of these diseases are variable.

They are

dependent on weather conditions, control programs, and
the financial circumstance of the grower.
The agricultural experiment stations and chemical
companies have provided fieldmen, control programs, and
continued research to help the fruit grower.

With out this

help the fruit grower could not survive.
Recommendations.

Cooperation is a necessity when

two or more groups of people work toward the same ends.
Better control of plant diseases would result if (1 )growers
were better educated in the use of chemicals: (2) better
rapport was established between fieldmen and growerso
Conclusions.

Additional research and development is

needed to stop the continued advance of these fungus diseases.
The continued prosperity of the tree fruit industry in this
state is contingent with complete control or eradication
of these diseaseso
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